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Abstract An event-related potential (ERP) experiment
was conducted in order to investigate the nature of any
cross-modal links in spatial attention during tool use. Tac-
tile stimuli were delivered from the tip of two sticks, held in
either a crossed or an uncrossed tools posture, while visual
stimuli were presented along the length of each tool. Partic-
ipants had to detect tactile deviant stimuli at the end of one
stick while trying to ignore all other stimuli. Reliable ERP
spatial attention eVects to tactile stimuli were observed at
early (160–180 ms) and later time epochs (>350 ms) when
the tools were uncrossed. Reliable ERP attention eVects to
visual stimuli presented close to the tip of the tool and close

same location as well (e.g. Driver and Spence 2004; Eimer
and Driver 2000; Giard and Peronnet 1999). Event-related
potential (ERP) studies have provided evidence that cross-
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and stimuli on the unattended side. They found eVects of
endogenous spatial attention for visual ERPs when touch
was the task-relevant modality but not vice versa. In general,
the ERP spatial attention eVects were always smaller in the
task-irrelevant or secondary modality than in the primary
modality. Taken together, results of these studies therefore
provide a growing body of evidence in support of the exis-
tence of cross-modal links in spatial attention between
vision and touch. Given that at the earliest stages of infor-
mation processing, spatial representations are highly modal-
ity-speciWc (retinotopic in vision, somatotopic in touch,
head-centered in audition), researchers have frequently
argued about the characteristics of the spatial representations
that are used for cross-modal binding of spatial information.

For the case of visual–tactile interactions, two main
hypotheses have been put forward to explain the existing
data. According to the hemispheric-activation account,
visual and tactile stimuli on the same side of space will typi-
cally project initially to the same hemisphere (anatomical
spatial codes), resulting in cross-modal attentional eVects or
processing advantages for spatially congruent stimuli.
According to an alternative hypothesis, cross-modal links in
spatial attention are based on representations of common
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experiment. One participant had to be excluded due to poor
behavioral performance (failing to detect more than 60%
of the targets). The data from the remaining 14 participants
(8 females, aged 21–39 years; average age: 28.2 years)
were analyzed. All of the participants had normal or
corrected-to-normal vision, normal hearing, and normal
tactile sensitivity by self-report. The participants received
course credits or were paid 7 Euro per hour for taking part
in the study. The participants all gave their informed
consent before taking part in the experiment.

Stimuli and design

Two tactile stimulators (Oticon bone conductor BC461-0/
12, Oticon Ltd., London, UK) were attached to the tips of
the tools (wooden sticks, 1.3 cm in diameter, and 40 cm in
length). The tactile stimuli consisted of 167 Hz vibrations.
The standard tactile stimulus was presented for 200 ms.
The tactile deviants (25% of all tactile stimuli) were pre-
sented for 200 ms as well, but they included a 10 ms gap
95 ms after stimulus onset. The faint noise associated with
the operation of the tactile stimulators was masked by white
noise presented from two loudspeaker cones located on the
center of the table. Light emitting diodes (LEDs) were used
to present the visual stimuli (duration: 200 ms). Four LEDs
were mounted on each tool (see Fig. 1): One at the tip of
each tool, one near the participant’s hand, and two spaced
equally along the shaft of a tool (one closer to the tip, the
other nearer to the hand).

Procedure

Participants sat in a dimly lit experimental chamber. They
had to put their chin on a chin-rest, and had to maintain
central Wxation throughout each block of trials.

There were four task conditions: (1) attend to the tactile
stimuli presented in the left hemiWeld; tools uncrossed; (2)
attend to the tactile stimuli presented in the right hemi-
Weld; tools uncrossed; (3) attend to the tactile stimuli pre-
sented in the left hemiWeld; tools crossed; (4) attend to the
tactile stimuli presented in the right hemiWeld; tools
crossed. The visual stimuli (60% of all stimuli) and the
tactile stimuli (40% of all stimuli; 75% of the tactile stim-
uli were standards, and 25% were deviants) were pre-
sented in a random order. Four experimental blocks of
360 trials were presented for each task condition. The
average inter-trial interval (ITI) was 500 ms (varying ran-
domly between 400 and 600 ms). The order of presenta-
tion of the four conditions was counterbalanced across
participants using a Latin-square design. At least two
practice runs were completed prior to the main experi-
mental blocks, one with the sticks crossed, the other with
the sticks uncrossed. The participants were given the

opportunity to take a break after the completion of each
block of trials.

Instructions specifying the tool posture and the attended
hemiWeld were displayed on a computer screen prior to the
start of a block. The participants were instructed to respond
to deviant tactile stimuli (double tactile stimuli) presented
in the attended hemiWeld by lifting the foot pedal. All other
stimuli had to be ignored (i.e., tactile standard stimuli in the
attended hemiWeld, and visual stimuli on both sides). They
were instructed to respond to target stimuli as rapidly and
as accurately as possible within a time epoch of 2000 ms
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visual angle) was presented on the black computer screen
positioned 60 cm from the participants throughout each
block of trials.

Previous research has shown that active tool-use is often
a prerequisite for coding tools as being located in periper-
sonal space (see Maravita et al. 2002). In the present study,
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alarm responses in crossed tools condition. Tool Posture
did not have any signiWcant eVect on number of hits,
misses, or false alarms. The mean d’ value was 3.78 (SE
0.21) for uncrossed tools condition and 3.72 (SE 0.17) for
crossed tools condition.

The mean RTs were shorter in the uncrossed (692 ms,
SE 34.7 ms) than in the crossed tools condition (712 ms, SE
38.5 ms), t (13) = 2.2, P < 0.05.

ERP results

Attentional modulations of somatosensory ERPs

The mean amplitudes of the four epochs were analyzed sep-
arately for somatosensory ERPs using a repeated measures

ANOVA with the following factors: Attention (attended vs.
unattended), Tool Posture (crossed vs. uncrossed), Hemi-
sphere (contralateral vs. ipsilateral to the hand) and Cluster
(electrode cluster 1–8). The results of the ANOVA con-
ducted at each time epoch are reported in Table 1. The most
important Wnding to emerge from this analysis was the
signiWcant three-way interaction of Attention £ Tool
posture £ Cluster. This eVect was further analyzed in
subordinate ANOVAs.

Figure 2 shows the grand average of the somatosensory
ERPs elicited at the contralateral and ipsilateral electrode
clusters (with respect to the stimulated hand) for attended
(solid lines) vs. unattended (dashed lines) tactile stimuli.
ERPs are shown separately for the uncrossed and crossed
tools conditions.

Fig. 2 Grand-averaged somato-
sensory ERPs elicited by tactile 
stimuli at the attended versus 
unattended location where tac-
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hemisphere. ERPs to attended tactile stimuli were signiW-
cantly more positive than ERPs to unattended tactile stim-
uli. There was no interaction between Attention and Tool
Posture in this time window, indicating that the eVects of
attention did not diVer between the two tool postures (see
Fig. 3c). In the uncrossed tools condition, the three-way
ANOVA (Attention £ Hemisphere £ Cluster) revealed a
signiWcant interaction between Attention and Cluster, F (7,
91) = 11.9, P < 0.001. Subsequent t-tests showed that
Attention resulted in a reliable positivity for the uncrossed
condition at the following clusters (C2, C3, C6, C7, C8, all
P < 0.05; I3, I4, I6, I7, I8, all P < 0.05). In the crossed
tools condition, the three-way ANOVA (Attention £
Hemisphere £ Cluster) also revealed a signiWcant interac-
tion between Attention and Cluster, F (7, 91) = 8.1,
P < 0.001. Subsequent t-tests showed that Attention
resulted in a reliable positivity at the following clusters
(C3, C6, C7, C8, all P < 0.05, C4, P < 0.06; I3, I6, I7, I8,
all P < 0.05, I4, P < 0.06).

Visual ERPs

Mean amplitudes were analyzed for visual ERPs with a
repeated measures ANOVA comprising Wve factors: Atten-
tion (attended vs. unattended), Tool Posture (crossed vs.
uncrossed), Location (4 positions along the tool), Hemi-
sphere (contralateral vs. ipsilateral to the side of stimula-
tion) and Cluster (electrode cluster 1–8).

140–180 ms time epoch: The Wve-way ANOVA
revealed a signiWcant Attention by Tool Posture by Loca-
tion by Hemisphere interaction, F (3, 39) = 4.0, P < 0.05
(see Table 2). Moreover, a signiWcant Location by Hemi-
sphere by Cluster interaction, F (21, 273) = 7.0, P < 0.001,
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tools condition. By contrast, no such eVect was observed in
the crossed tools condition. These results therefore suggest
that the crossed tools posture disrupted early attention
eVects within the tactile modality. However, later enhanced
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eVects were absent for visual stimuli presented along the
shafts of the tools. Holmes et al. (
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